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Abstract 
To assess the situation of mould growth and the influence to human health in northeast China, the CHAMPS software was used to 
simulate the heat and moisture transfer in residential building wall with Harbin weather files. The simulation values of temperature 
and humidity in the wall within a year was got from the CHAMPS and then was imported into the WUFI-Bio software. After 
situation of one year period, result of mould growth and the disadvantage to human health are the following. Under the situation, 
people who live in northeast China are threatened by the mould growth. There is a variety of factors to the germination of mould. 
And in different year the weather may different with the weather file, so that the result may biased with the true situation. In the 
Northeast, the indoor environment may lead to the mould germination, which can do harm to the health of resident. Some 
measurements should be taken to prevent the growth of mould. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
In an increasingly urban based society, people spend approximately 85-90 % of their time inside buildings [1]. 
There is mould grown everywhere in the human living environment, which is generally harmless. However, in some 
cases inhalation mould spores can trigger asthma, rhinitis or bronchitis symptoms to susceptible. Epidemiology 
suggests that the mould growth in buildings can have a detrimental effect on the well-being of occupants. The amount 
of mould exposure to air and SBS (Sick Building Syndrome) have close relationship [2]. 
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The growth rate of mould have great relative with the organics in building materials [3]. Hud noted that only need 
a certain oxygen content, an appropriate air temperature, certain RH and a substrate the mould can germination. Adan 
confirmed that many of the indoor air temperature for germination and growth of mould and mildew contamination 
has occurred [4]. Gerson noted that in addition to the effects of temperature, when the indoor and outdoor temperature 
varies greatly different, condensation may occur. This condensation will increase germination and growth of mould 
on wall surface. In warmer weather, mould will growth in corner because of the blockage [5].  
Due to some of designers and builders are not completely master the technology of wall thermal insulation, it leads 
to some target are not reach the expected standard. Because some of the wall capability cannot reach the insulation 
standard, so that the wall is easily to condensation. Xianghui Su point out moisture accumulation within the building 
envelope is an important reason for the growth mould, they study the transfer of moisture in the building wall, and 
analysis the reasons for the formation of a moisture accumulation phenomenon [6]. Suze Bin pointed out that mould 
growth not only affect the appearance of wall, but also to people's health .They analyzed and discussed from the 
condition, location and reason of fungal growth ,then they find some way to figure it[7] . 
There is not thorough research for mould growth situation in northeast China so far. This paper analysis the situation 
of mould in northeast china apartments. Using a combination of CHAMPS and WUFI-Bio software, simulation was 
conducted to find out the degree of harm to human health in Harbin. This kind of simulation is more accurately than 
former studies. 
2. Methods 
Selecting the city Harbin to represent northeast China and using the CHAMPS software, a simulation was carried 
out on a residential building in Harbin with Harbin weather files. Heat and moisture transfer inside the wall of the 
different positions were simulated, then outcome the temperature and humidity conditions in the wall. Followed by 
the different positions of the wall temperature and humidity conditions import to WUFI-Bio software. The walls moldy 
condition can be drawn as well as their degree of harm to the human body. 
2.1. Setting wall material 
The simulation object is one of the residential which has mould in the wall in Harbin. There are two place on the 
wall easily to mould, wall corner and walls cold bridge. What the software need to set is the value of external and 
internal weather, wall boundary conditions, initial temperature, RH values and wall material. External weather 
temperature and humidity use the values in the software. The wall thickness is 300mm, except both sides of the yellow 
parts is air from left to right, from the interior to the exterior were insulation loam of 20mm, C20-25 concrete of 
240mm, PSFoam-extruded of 30mm, the outermost layer is 10mm lime plaster. The grid of the wall is divided by 
CHAMPS as shown in Figure 1.  
As shown in Figure 1, the value near the surface need to be more precise, and transfer of heat and moisture in the 
center of wall is more stable than the surface wall, so the grid at the border of the wall is more tightly than the center. 
Different colors represent different wall materials. This wall is mainly composed of concrete and insulation materials.  
 
 
 
Fig.1. The wall grid by CHAMPS 
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2.2. Indoor and outdoor temperature setting 
As there is a certain fluctuations of outdoor temperature (T) and relative humidity (RH), setting the outdoor 
temperature and RH as data point the actual weather conditions in Harbin from the CHAMPS software. Actual weather 
conditions is shown in Figure 2. 
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Fig.2. Harbin outdoor air temperature and RH 
It can be seen from the figure that Harbin outdoor diurnal temperature variations can reach 20 °C. Winter minimum 
temperatures can go to -30 °C, the highest summer temperatures can reach 35°C, the year temperature variations is 
big. Day outdoor RH vary widely, but the overall trend is winter and summer outdoor RH is larger than spring and 
autumn. Winter outdoor RH is generally between 55-75%, summer outdoor RH between 55-80%. 
According to some surveys to know that the set point of indoor temperature and RH in Harbin. Indoor temperature 
value should be set by the heating standard, the indoor RH should be set between 45%-60%. Because of air blockage 
the corner temperature is higher 3°C and the relative RH is higher 20% than the center. Since the value of the room 
temperature and RH are relatively stable. So setting the indoor temperature and RH are shown in table 1. 
Table 1. Indoor temperature and RH 
Time˄month˅ 1-2 2-5 5-8 8-11 11-12 
T˄eC˅ 20 18 26 18 20 
RH (%) 45 50 60 50 45 
 
As shown in table 1, winter indoor temperature and RH are set according to heating habits of Harbin. The 
temperature and RH of summer setting is according air-conditioned room, in the spring and autumn temperature setting 
is based on the average outdoor temperature in Harbin [8][9]. 
Select the result of the wall near the indoor air. The result based on the energy balance and moisture balance which 
is show in Figure3. 
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Fig. 3.  Wall surface temperature and RH simulation by CHAMPS software 
The temperature and RH of wall near the air which is close to the region of human activities as shown in Figure 3. 
The simulation is from January 1, 2014 to January 1, 2015.  In summer and winter indoor RH are higher than fall and 
spring as can be seen from Figure 3. The reason why RH in winter reach to 95% after the beginning of the simulation 
period is the large gap between the wall and indoor air temperature. Summer indoor temperature is set at 26 °C, can 
be seen the RH in summer changes smaller when the indoor and outdoor temperature gap small. Put the simulation 
results into WUFI-Bio, keep going the simulation.  
2.3. The Simulation of WUFI-Bio  
WUFI-Bio is simulate by the biohygrothermal model a more reliable prediction of the mould risk possible in cases 
of transient conditions. The model biohygrothermal is built on the theory that mould spore have the ability absorbing 
moisture because of osmotic potential. Spore wall diffusion resistance with the spore internal water content change, it 
can delay the spore moisture exchange with the outside environment. 
It takes into account the impact of transient change of temperature and RH to mould growth, so put the value of 
temperature and RH hourly into WUFI-bio during simulation. Per hour should be take into account when simulated. 
The important factors of mould growth is temperature, relative RH, and the quality of the base medium, i.e., the content 
of nutrients. In order to assess the risk of mould growth under transient environment condition, the software simulate 
in the way that compare the condition between the mould need and the building have, i.e., the critical water content 
and the water content spore in transient. Once the mould began to germinate, based on climatic conditions calculated, 
the subsequent growth curve can be assessed risk of mould growth. 
2.4. Set conditions of WUFI-Bio Software  
The simulation of the building is a residential building in Harbin, the surface of the indoor wall material is the 
thermal insulation material. The character of the wall is near to the material characteristics of Class I which is Bio-
utilizable substrates such as biodegradable materials wallpaper, plaster, building products, more easily contaminated 
wall surface. The relationship between moisture content of the wall material and air RH can see in Figure 4. The RH 
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inside the wall at the time of 10 to 75%, moisture grow slowly. When the RH is 75%, the moisture content of the 
interior wall is growing rapidly. 
 
 
Fig.4. Wall Characteristics 
3. Results 
The results are shown in Figure 5, which the indicator is red. The curve can be seen that the water content spore is 
higher than critical water content, so mould spores can germinate easily in winter, the building prone to mildew. As 
can be seen from Figure 5, the main season for spore germination is winter. Other seasons cannot have spore 
germination because the water content spore is less than critical water content. 
 
 
Fig. 5. The compare of water content spore and critical water content 
The results can be seen in Figure 5 that the residential building in Harbin have the risk of mould growth. Mould 
germinate from winter to the start of the spring due to the delay transfer of heat and moisture in the wall. Mould stop 
germinate from the later period of spring to the start of winter because the delay transfer of heat and moisture in the 
wall, too. In summer the actual moisture content is lower than the critical moisture content of fungal germination, so 
the growth of mould stop. 
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The results can be seen in Figure 6 mould index will achieve 3.5 some growth detected visually, thin hyphae found 
under microscope, visual coverage less than 10% if not treated after a year. If a long time in this case, the mould may 
be cause some harm to the human body, affecting the life of the building.  
 
 
Fig. 6.  The mould index on the wall 
4. Discussion 
There is a risk of mould growth in the Northeast, even without any visible mould growth on the wall. It means that 
the hyphae will produce, the spore will adrift in the air. Some old man and Children will feel uncomfortable in this 
environment for a long time. 
Outdoor weather files in Harbin is old, but the weather in Harbin area has not changed much, so outdoor weather 
file is quite accurate. But the interior weather setting have some different with the actual weather situation, it is the 
average value of a period time. The results of simulation might have been affected by it. The software just the main 
factors affecting the growth of mould such as temperature, RH, time and the quality of the base medium. The PH, 
mould spores exposed time to the environment, as well as the impact of human activities should take into account. 
These may also have an impact on the simulation results of mould, should further consider these factors make 
simulation results more accurate. 
In addition, there is a risk of various kinds of contamination, which may affect mould growth. If a building material 
has high moisture content, like the wall has been affect by the rain, mould may begin to grow even when the humidity 
is relatively low [10]. Different groups of building materials have different critical moisture levels [11], but the 
software have just four kind materials to representatives of all the walls. Where differences exist, they may be due to 
variations in the sensitivity of the individual materials to mould, despite belonging to the same group of materials.  
5. Conclusions 
Indoor conditions can provide the necessary condition to the mould growth and exposure conditions to the host. 
Long-term exposure to mould and inhalation of mould can lead to respiratory and allergic symptoms. And it does 
great harm to human health. The outside weather of northeast region in China is dry and cold, due to the huge different 
between indoor and outdoor temperature, the thermal bridges and cold bridges generate easily, which leads to indoor 
condensation and RH increase. Structure of the wall corner accumulates RH and pressure easily, resulting in mouldy 
walls. When the concentration reaches a certain extent, mould will emerge. The amount of mould indoor directly has 
impact on people's physical health, therefore, it is important finding the way to solve it. 
One of the methods to preventing the mould in the building is building insulation, reducing the likelihood of 
condensation inside the indoor wall surface. The other way curing the mould is to take basic way to clean the wall. 
Housing construction should be taken more attention to avoid cold bridges and thermal bridge, avoiding condensation 
of the wall in the future. The host should check up in time when the mould wall to reduce the generation of mould 
spores. For mould on the walls, it is necessary to deal with the infected part of the walls, after spraying fungicides on 
the walls.  
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